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The development of technology for the detection of variations in DNA sequence is permitting HAPMAP: a computer program for the the rapid mapping of the genomes of many organisms. Restriction fragment length polymorphism linkage analysis of haploids.
(RFLP) maps promise to be particularly useful for economically important fungi for which limited numbers of phenotypic markers are usually available. RFLP markers are virtually unlimited and may be used as the starting points for genomic walks to genes of interest. Our current efforts to create a saturated RFLP map of the maize pathogen Cochliobolus heterostrophus have made us aware of the need for computer assistance to handle the otherwise unwieldy number of marker comparisons. In this note, we describe a fast, menudriven linkage analysis program suitable for the RFLP mapping of haploid organisms.
Program description:
HAPMAP is a computer program that calculates linkage distances based on the phenotypes of random progeny of a cross between haploid organisms. Data for different crosses are entered and analyzed independently. No assumptions are made about the number of linkage groups present in the organism, and no attempts are made to adjust linkage distances for double crossovers or interference.
Input: For each cross, data on progeny phenotype for each marker are entered into a preformed table (data file). The table accepts up to 112 progeny and up to 200 markers. Markers, progeny and their phenotypes may be added to or changed at any time.
The notation for phenotype is one that was convenient for our crosses: F = phenotype of one parent, L = phenotype of the other parent.
Marker-progeny combinations for which no phenotypic data are available are indicated with a dash. The table may be displayed and printed (Table 1) . 60  64  68  72  76  80  84  88  92  96 100  104  108  II2 Output: The program provides information on both marker segregation and marker recombination.
FFFF FLFF FLLF LLLF FFFF FFFF FFFF FLFF LLFF LLLF LLFL LLFF LLFF LFLL :F -------------------------------------------------------------------------------------G214 :FLFF FLLL FLFF LLLL LLFF FFLF FFFF FLFF FLLL LFLL LLFL LFFL LLLF LLFL :F------------------------------------------------------------------------------------
a. Marker Segregation -This subroutine calculates, displays and prints for each marker requested the number of progeny with each parental phenotype, and the number of scored (Scd) and unscored (UScd) progeny.
This permits a quick visual check for the random recovery of parental phenotypes (Table 2) . b. Marker Recombinationtion of markers. For each pair of markers analyzed, the program will calculate, display and print the following: Linkage analyses may be requested for all of any combina- This subroutine can calculate and display statistics for over 100 marker comparisons in less than 18 seconds. To reduce the volume of output when large numbers of markers are analyzed, the user may request that analyses for only those marker pairs showing deviation from random association be printed (P = 0.05, X² > 3.84) ( Table 3) . The program is written in 8086/8088 assembly language and will run on IBM PC/XT (not AT) compatible microcomputers equipped with MS/DOS or PC-DOS operating systems (versions 2.0 or higher) and a minimum of 48 K RAM. Print commands are those provided by MS-DOS.
